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ABSTRACT 

Objectives: Among runners the reported prevalence of 
exercise-induced gastrointestinal (GI) symptoms is high 
(25%-83%). We aimed to investigate the prevalence of 
GI symptoms in women during a 5-10 km run in 
general and to explore the association between 
nutritional intakes and GI symptoms. 
Setting: As part of the Marikenloop-study (a cohort 
study to identify predictor variables of running injuries), 
a cross-sectional questionnaire was distributed in 
interested runners of the '2013 Marikenloop'. 
Participants: 433 female runners filled in the 
questionnaire. 

Primary and secondary outcome measures: The 

primary outcome measure was the frequency of 
running-related GI symptoms during running in general 
and during the last (training) run. Furthermore, dietary 
intake was determined before and during this run. 
Secondary outcome measures were several 
demographic and anthropometric variables. 
Results: During running in general, 40% of the 
participants suffered from GI symptoms and during 
their last run, 49%. The GI symptoms side ache, 
flatulence, urge to defecate and regurgitation and/or 
belching were most commonly reported. Lower age 
(OR=0.98, 95% CI 0.96 to 1 .00), minor running 
experience (0R=3.1 , 95% C1 1 .7 to 5.7), higher body 
mass index (0R=1 .1 , 95% C1 1 .0 to 1 .2), consuming 
carbohydrate-containing drinks during running 
(OR=10.5, 95% C1 1.4 to 80.3) and experiencing GI 
symptoms during running in general OR=5.0, 95% CI 
3.2 to 7.8) significantly contributed to GI symptoms 
during the last run in the logistic regression analysis. In 
contrast, time of eating and carbohydrate-containing 
drinks consumed prior to the run were not related to GI 
symptoms. 

Conclusions: In conclusion, the current study 
confirms the high prevalence of GI symptoms in female 
runners. Several predictor variables contributed to the 
GI symptoms but more research is needed to specify 
the effects of prerunning eating and carbohydrate- 
containing drinks on GI symptoms during running. 
Trial registration number: Marikenloop study 2013: 
50-50310-98-156 (ZonMw). 



Strengths and limitations of this study 



» 



Running-induced gastrointestinal (GI) symptoms 
often occur. By indicating which risk factors 
induce GI symptoms, adjustments can be made 
and GI symptoms might be minimised. 
This study gives more clarity about several 
demographic and anthropometric variables and 
two possible dietary factors that have been pro- 
posed to induce GI symptoms: prerunning eating 
and consumption of carbohydrate-containing 
beverages. 

A limitation of this study is the cross-sectional 
design. 



INTRODUCTION 

Emerging research indicates that physical 
activity is beneficial for the gastrointestinal 
(GI) tract/"^ However, strenuous physical 
exercise such as running can also induce 
upper and lower GI tract symptoms/"^ 
Prevalence of exercise-induced GI symptoms 
in runners has been reported to vary from 
25% to 83% during or after a run} ^"^^ 

Exercise-induced GI symptoms seem to be 
caused predominantly by increased sympa- 
thetic nervous system activity that redistributes 
blood flow during exercise from the splanch- 
nic organs to the working skeletal muscles, 
heart, lung and brain/ This often leads to 
GI ischaemia, which may result in GI symp- 
toms/ GI symptoms are more likely to 
occur in runners as compared with cyclists or 
swimmers^ probably because of the 

constant pounding motion of running, which 
may induce stress to the abdominal organs/^ 
Therefore, GI symptoms might be a reason 
for people to quit running/ In the past 
decades more women have started running in 
the Netherlands/^ In several investigations, a 
higher incidence of running-related GI pro- 
blems was observed in women compared with 



BMJ 



ten Haaf DSM, etal. fi/MJ Open 201 4;4:e005780. doi:10.1136/bmjopen-2014-005780 



1 



Open Access 



men/ Therefore, GI symptoms may become an 

increasing problem. 

The occurrence of exercise-related GI symptoms may 
further be higher with lower age,^ less running experi- 
ence,'^ longer duration of exercise^ ^ and an 
increased BMI.^^ 

Several possible dietary factors have been hypothesised 
as inducing GI symptoms in athletes. For example, dehy- 
dration,^ high fat, fibre and protein intakes (solid 
food), eating before exercise and hypertonic solutions. 
However, data on the association between exercise- 
induced GI symptoms and prerunning eating and/or 
hypertonic solutions are scarce. 

The American College of Sports Medicine stated that 
the pre-exercise meal should be consumed 3-4 h before 
exercise and a smaller meal or snack should be con- 
sumed 2-4 h before exercise. However, minimal 
research has been performed on the effect of the timing 
of the pre-exercise meal and snack on GI symptoms. In 
1989, Rehrer et af' found no association between the 
time of the last meal and GI disturbances, but almost all 
athletes ate 3-5 h before the race. They further showed 
that individuals who consumed solid food closer to the 
start vomited more frequently or had a higher vomiting 
urge during a triathlon. Another study also found that 
nausea exacerbated when exercise was conducted imme- 
diately after eating. 

Rehrer et al^^ also showed that individuals who con- 
sumed hypertonic beverages had to vomit more and/or 
had stomach cramps, van Nieuwenhoven et al^^ found 
conflicting evidence about the effect of isotonic sports 
drinks compared with water on incidences of GI symp- 
toms and GI variables. Peters et al^ found that water 
intake before competition was related to more upper GI 
symptoms. It is not clear what amount of fluid or sugar 
contributes to GI symptoms. 

The objective of this study was to investigate the preva- 
lence of upper and lower GI symptoms in general during 
running and during the last run in female athletes who 
participated in the '2013 Marikenloop', a run of 5 and 
10 km for women in the Netherlands. Furthermore, we 
aimed at exploring the association between the dietary 
intake of female runners' prerunning and GI symptoms 
during running. 

METHODS 
Subjects 

Study participants consisted participants aged > 18 years 
who registered for the '2013 Marikenloop', a run specif- 
ically for women, which was held on 26 May 2013 in 
Nijmegen, the Netherlands. On 12 March, 13 000 
women signed up for the '2013 Marikenloop', which is 
the largest run of the Netherlands for women with dis- 
tances of either 5 or 10 km. Via social media and the 
newsletter of the 'Marikenloop' organisation, female 
runners were informed about the Marikenloop study. 
The runners from the '2013 Marikenloop' could sign up 



for the Marikenloop study online from 8 to 24 March. 
All participants first signed the informed consent. 
Participants were informed that the objective of the 
research was to identify predictor variables for running 
injuries. 

Study design 

The present study was part of the 'Marikenloop study', 
which is a prospective cohort study aimed at identifying 
predictor variables for running injuries. To arrive at the 
study sample size we assumed 8 events per variable, an 
injury incidence rate of 30% and 15 independent pre- 
dictors resulting in a required sample size of at least 360 
participants.^^ The study also consisted of a cross- 
sectional questionnaire to obtain data on GI symptoms 
and dietary information, as well as several demographic 
and anthropometric data. The questionnaire was distrib- 
uted via email on 24 March. Participants received two 
reminders if needed and were allowed to complete the 
questionnaire until 12 April 2013. 

Questionnaire 

From the total online questionnaires, several demo- 
graphic and anthropometric characteristics and ques- 
tions about running were used for the present study. 
Furthermore, questions were developed about the pres- 
ence of GI symptoms and a dietary recall in which the 
timing of the prerunning meal and snack and of drink- 
ing around the last run was detected. 

The participants were asked to estimate their frequency 
of running-related GI symptoms during running in 
general by indicating on a four-point Likert scale whether 
symptoms generally occurred either never, sometimes, 
occasionally or frequently during running. Symptoms sur- 
veyed included the upper GI tract symptoms of chest 
pain, nausea, regurgitation and/or belching, heartburn, 
feeling of fullness and vomiting. The lower GI tract symp- 
toms questioned were bloating, abdominal cramps, flatu- 
lence, urge to defecate, diarrhoea, constipation and 
rectal bleeding and/or haematuria. Side ache was also 
included as a lower GI symptom.^ 

Participants were then asked to indicate the presence 
of these 14 GI symptoms (yes/no) during their last run 
in which they prepared for the 'Marikenloop' around 
2 months before the actual 'Marikenloop' run. 
Furthermore, participants were asked what the time 
interval between their last food intake before the start of 
their last run was. It was possible to indicate that they 
had run on an empty stomach in the morning. 

Drinking habits around the last run were inquired by 
asking what the participants drank before their last run. 
For several sport drinks, pictures were used and for 
soda, juices, alcoholic drinks and with the option 'other 
drinks' a clarification was asked to indicate which drink 
it was exactly. Per drink, participants were asked when 
they drank it (1-4 h before running, within 1 h before 
running, during running, within 1 h after running, 
1-4 h after running). Finally, participants had to 
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estimate how much they drank in these five time fi:'ames. 
Pictures were used to indicate what normal portion sizes 
of different glasses and bottles are. Carbohydrate 
content of the various beverages that were consumed 
was determined using manufacturers' specifications. A 
drink was considered hypotonic if it consisted of 
maximal 6g/100mL carbohydrates. If the drink con- 
sisted of 6-8 g/100 mL carbohydrates, it was considered 
isotonic and with more than 8 g/100 mL carbohydrates, 
it was called hypertonic. If hypotonic and hypertonic 
drinks were drunk at a specific time frame, the drink 
was rated as isotonic. When an equal amount of hypo- 
tonic and isotonic drinks or isotonic and hypertonic 
drinks was consumed simultaneously, the highest cat- 
egory was chosen. If however, one of two sorts of drinks 
was consumed more at a specific time frame, that cat- 
egory was chosen (eg, if two hypotonic and one isotonic 
drink was consumed in the same time frame, hypotonic 
was chosen). 

Data analysis 

Statistical analysis was performed using SPSS for 
Windows (V.19.0; SPSS Inc, Chicago, Illinois, USA), and 
a GI symptom was considered present during running in 
general (a positive response) when a participant 
answered 'occasionally' or 'frequently' to the question 
about the frequency of GI symptoms during running. A 
GI symptom was considered absent (a negative 
response) when 'never' or 'sometimes' were indicated. 
GI symptoms were considered present during the last 
run when participants indicated 'yes' for a symptom on 
the list. 

Analysis of normal distribution (Shapiro-Wilk test and 
normal QQ-plot) was performed for continuous vari- 
ables: age, BMI, timing of pre-running meal and/or 
snack, amount of drink (mL) and by dividing the self- 
measured waist circumference (cm) with the reported 
height (cm), the waist-to-hip ratio (WHR) was obtained. 

Mean baseline differences between participants with 
and without GI symptoms were determined using an 
independent samples t-test to detect possible 
confounders. 



To compare characteristics between the runners 
with and without GI symptoms during their last run two- 
sample t tests were performed for continuous variables. 
In terms of categorical variables ^ tests or a Fisher's 
exact test were conducted. 

Significant associations were identified with multivari- 
able binary logistic regression analysis (forced entry 
method). Nutritional variables (ie, timing of the prerun- 
ning meal/snack, running on an empty stomach, 
amount drink (mL) consumed and type of drink) were 
hypothesised to be related to GI symptoms during the 
last run and possible confounders were adjusted for in 
the model. To check for collinearity between the 
different predictor variables we calculated the variance 
inflation factors (VIF). If multicoUinearity was present 
the variable which was considered most relevant, was 
used in the multivariable analyses. Risk model calibra- 
tion was assessed by the Hosmer-Lemeshow 
goodness-of-fit test, p Values<0.05 were accepted as statis- 
tically significant. 



RESULTS 
Subjects 

On 12 April, 435 of the 472 participants filled out the 
baseline questionnaire of the 'Marikenloop study' 
(drop-out rate: 8%). The average age of the drop-out 
group was 38.4±12.4 (SD) and did not significantly differ 
from the group who filled out the questionnaire 
(p=0.90). Two questionnaires were excluded because 
the participant was male (n=l) and not >18 years old 
(n=l). 

The baseline characteristics of the included 433 parti- 
cipants are presented in table 1. The total group had an 
average body mass index (BMI) of 23.2 kg/m^ and a 
WHR of 0.80. Two hundred and ten participants sus- 
tained >1 GI symptom during their last run. Significant 
differences between the groups with and without symp- 
toms during their last run were found for age, body 
weight and BMI. 



Table 1 Baseline characteristics of the Marikenloop runners 






Variable 


Total group 
n=433* 


>1 GI symptoms during their last run 
Yes n=210* No n=223* 


Age (year)t 

Body weight (kg)t 

Height (cm) 

BMI (kg/m2)t 

Waist circumference (cm) 

WHR 


38.6±11.5 
67.0±10.6 
169.8±6.3 
23.2±2.9 
79.7±7.91: 
0.80±0.061: 


36.8±11.5 
68.8±12.3 
170.1 ±6.6 
23.6±3.0 
80.6±7.7§ 
0.81±0.05§ 


40.4±11.2 
65.3±8.5 
169.5±5.9 
22.7±2.7 
79.0±8.1T1 
0.80±0.0611 


*Data represent mean±SD. 

tSignificant difference between group with and without GI symptoms during their last run (p<0.001). 
tn=245. 

§n=109. . 
lln=136. fl 

BMI, body mass index; GI, gastrointestinal; WHR, waist-to-hip ratio, g———————————————^—————^^ 



ten Haaf DSM, etal fi/MJ Open 201 4;4:e005780. doi:1 0.1 136/bmjopen-201 4-005780 



3 



Open Access 



Table 2 Prevalence of at least 1 Gl symptom during running in general and during their last run 


>1 Gl symptoms* 
n Pr (95% CI) 


>1 upper Gl symptoms 
n Pr (95% CI) 


>1 lower Gl symptom* 1 
n Pr (95% CI) | 


During run in general 171 0.40 (0.35 to 0.44) 
During last run 21 0 0.49 (0.44 to 0.53) 


67 0.16 (0.12 to 0.19) 
82 0.19 (0.15 to 0.23) 


155 
181 


0.36 (0.31 to 0.40) 1 
0.42 (0.37 to 0.46) | 


*Significant difference between during run in general and during last run (p=0.00). 1 
Gl, qastrointestinal; Pr, prevalence. ^ 



Gl symptoms 

The total prevalence of experiencing at least one Gl 
symptom during running in general was 40%, while 49% 
of the participants experienced at least one Gl symptom 
during their last run (p=0.00; see table 2). Fifty-four per 
cent who had Gl symptoms during running in general 
experienced more than one symptom. During the last 
run, this percentage was 42%. As shown in table 2, 
during running in general, significantly more lower Gl 
symptoms occurred than upper Gl symptoms (0.36 (0.31 
to 0.40), 0.16 (0.12 to 0.19), respectively) just like 
during the last run (0.42 (0.37 to 0.46), 0.19 (0.15 to 
0.23), respectively). 

For all Gl symptoms, except 'urge to defecate' and 
'constipation', more participants suffered from these 
symptoms during their last run than during running in 
general (see figure 1). Significant differences between 
running in general and the last run were found for 
'chest pain', 'vomiting' and 'rectal bleeding and/or 
haematuria' (p<0.05). The most reported Gl symptoms 
were 'side ache', 'flatulence', 'urge to defecate' and 
'regurgitation and/or belching' for running in general 
and the last run. 

Eating and drinking habits before and during last run 

Forty-six women (11%) ran during their last run on 
empty stomach. The other participants (n=387) ate their 
prerunning meal 103.5±69.9 min (range 5-360 min) 
before the run. A snack was consumed 85.3±62.9 min 
(range 5-270 min) before the run (n=250). 

As shown in figure 2, most drinks consumed were 
hypotonic drinks, a few drank isotonic drinks and 



hypertonic drinks were the least popular. Most partici- 
pants drank 1-4 h before running (70%). Within Ih 
before running, 63% drank something. During their run 
only a few participants drank something (10%). 
Between land 4 h before their run 279.4±234.0 mL was 
consumed, within Ih before the run 151.7±114.5 mL 
and during 28.2±87.5 mL. 

Risk indicator analyses 

Female runners who experienced at least one Gl 
symptom during their last run had a significantly lower 
age of on average 3.6 years, an on overage 0.9 higher 
BMI, included 37% more participants who experienced 
Gl symptoms in general and had less running experi- 
ence in months (p=0.00) than participants without Gl 
symptoms (see table 3). From the eating-related vari- 
ables and drinking-related variables, female runners 
with symptoms drank on overage 47.9 mL more 1-4 h 
before running (p<0.05) and running on an empty 
stomach was correlated with Gl symptoms during the 
last run. From the group who experienced Gl symptoms, 
less people ran on an empty stomach than the group 
without Gl symptoms during their last run (p=0.023). 
Isotonic and hypertonic drinks and 30-40 km a week 
and >40 km per average week were pooled, because 
counts were <10. 

Multivariable logistic regression 

MulticoUinearity was present between the possible pre- 
dictors of upper and lower Gl symptoms and total Gl 
symptoms in general. Since Gl symptoms in general 
include upper and lower Gl symptoms, this variable was 



Figure 1 Participants who 
reported gastrointestinal (Gl) 
symptoms during running in 
general and Gl symptoms during 
their most recent run (%). Dark 
bars represent the percentage 
during running in general with a 
positive response (sum of 
'occasionally' and 'frequently' 
responses divided by the total 
number of responses). Striped 
bars represent the positive 
response 'yes' divided by the total 
number of responses during the 
most recent run. 
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evaluated, next to all the other predictor variables, by 
multiple logistic regression analyses (see table 4). The 
drinking of isotonic and/ or hypertonic drinks compared 
with no drinks during running proved to have the 
largest positive predictive value for running-related GI 
symptoms and was associated with 10.5-fold increased 
odds of developing GI symptoms during the last run 
(95% CI 1.4 to 80.3). The prevalence of GI symptoms in 
general showed an odds of 5.0 (95% CI 3.2 to 7.8). 
Furthermore, a running experience of 3-12 months 
compared with more than 12 months increased the odds 
by 3.1 (95% CI 1.7 to 5.7). A higher age was slightly pro- 
tective for suffering from GI symptoms during the last 
run (OR=0.98, 95% CI 0.96 to 1.0). Finally, a higher 
BMI of 1 unit was associated with GI symptoms during 
the last run (OR=l.l, 95% CI 1.0 to 1.2). 

DISCUSSION 

In runners exercise-induced GI symptoms are a 
problem. In this study 40% suffered from GI symptoms 
during running in general and the prevalence during 
the last run was 49%. The GI symptoms 'side ache', 
'flatulence', 'urge to defecate' and 'regurgitation and/ 
or belching' were most commonly reported. Lower age, 
more running experience, higher BMI, consuming 
carbohydrate-containing drinks during running and 
prevalence of total GI symptoms during running in 
general were significantly related to GI symptoms during 
the last run. 

We found that 40% of the female runners suffered 
from GI symptoms during running in general. This is 
slightly lower than earlier reported prevalences of GI 
symptoms during running in general (between 50% and 
54%).^ ^ Several articles detected the prevalence of 



GI symptoms at a specific run, which varied between 
25% and 52%.^ ^ In accordance with these 

numbers, our participants indicated that during their 
last run 49% experienced GI symptoms. The higher 
amount of experienced GI symptoms during the most 
recent run compared with running in general might be 
caused by survey and recall bias. 

It has been suggested that the distance of a run influ- 
ences the prevalence of GI symptoms.^ ^ The exact 
distances of the last run were not detected in our study 
but no difference was found between women who were 
training for a 5 or 10 km run on the day of the 
'Marikenloop'. However, the mentioned GI symptoms in 
the articles are quite severe and might occur more 
during a longer run and therefore may not be very 
prevalent in our participants. 

The protective effect of higher age shown in table 4 
on GI symptoms has been reported previously.^ ^ In 
younger people more splanchnic vasoconstriction occurs 
because of more or a better response to catecholamines. 
This leads to reduced oxygen supply, which may result 
in GI symptoms.^ Also, higher age is often 

accompanied with more running experience.^ This 
association between running experience and less GI 
symptoms was found in several studies, and corre- 

sponds with our results although we should be cautious 
since no linear relationship was found. 

This study showed that with a higher BMI was asso- 
ciated with more exercise-induced GI symptoms. This 
corresponds with a meta-analysis showing that some GI 
symptoms are more strongly associated with obesity and 
increasing BMI than other GI symptoms. 

The timing of the prerunning meal and snack was not 
associated with GI symptoms (see tables 3 and 4). On 
average our participants consumed their food at least 
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Table 3 Comparisons between female runners with or without Gl symptoms regarding nutritional and activity features 



>1 Gl symptoms during their 
last run 



Variable 



Yes n=210* 



No n=223* 



Test statistic 



p Value 



Age (year) 
BMI 

Timing of prerunning meal (min)$ 
Timing of prerunning snack (min)§ 
Amount drink (mL) 

1-4 h before running 

Within 1 h before running 

During running 
Running on an empty stomach (n) 
Sport drink (n) 
1-4 h before running 

No drink 

Hypotonic 

Isotonic and hypertonic 
Sport drink (n) 
Within 1 h before running 

No drink 

Hypotonic 

Isotonic and hypertonic 
Sport drink (n) 
During running 

No drink 

Hypotonic 

Isotonic and hypertonic 
Prevalence of total Gl symptoms in general (n) 
Prevalence of upper Gl symptoms in general (n) 
Prevalence of lower Gl symptoms in general (n) 
Running experience (n) 

<3 months 

3-12 months 

>12 months 
Kilometres ran in an average week (n) 

<10 km a week 

10-20 km a week 

20-30 km a week 

>30 km a week 
Aim for '2013 Marikenloop' (n) 

5 km 

10 km 



36.8±11.5 
23.6±3.0 
104.6±69.8 
89.2±65.2 

304.0±263.7 
156.5±118.8 
27.5±83.0 
15 (7%) 



63 (30%) 
132 (63%) 
15 (7%) 



75 (36%) 
123 (59%) 
12 (6%) 



188 (90%) 
16(8%) 

6 (3%) 
123 (59%) 
52 (25%) 
109 (52%) 

26 (12%) 
57 (27%) 
127 (61%) 

103 (49%) 
72 (34%) 
28 (13%) 

7 (3%) 

91 (43%) 
119 (57%) 



40.4±11.2 
22.7±2.7 
102.4±70.3 
81.6±60.6 

255.0±200.1 
146.6±110.5 
28.7±91.6 
31 (14%) 



66 (30%) 
140 (63%) 
17 (8%) 



85 (38%) 
132 (59%) 
6 (3%) 



201 (90%) 
20 (9%) 
2 (1%) 
48 (22%) 
15 (7%) 
46 (21%) 

20 (9%) 
25 (11%) 
178 (80%) 

94 (42%) 
82 (37%) 
35 (16%) 
12 (5%) 

98 (44%) 
125 (56%) 



3.32t 
-3.1 3t 
-1.32t 
-0.48t 

-2.1 9t 
-0.90t 
0.15t 
5.2011 



0.0311 



2.6311 



2.50* 



62.1211 
26.9011 
46.0411 

21 .4311 



2.7711 



0.0211 



0.00 
0.00 
0.19 
0.63 

0.03 
0.37 
0.89 
0.02 



0.98 



0.27 



0.29 



0.00 
0.00 
0.00 

0.00 



0.43 



0.90 



*Data represent mean±SD or n (%). 
tTest statistic for independent samples t-test. 
^n=387. 
§n=250. 

UTest statistic for test. 
**Test statistic for Fisher's exact test. 
BMI, body mass index; Gl, gastrointestinal. 



1.5 h before exercising while other studies showed Gl 
symptoms were only present when eaten within 30 min 

in • • 13 24 

beiore exercising. 

We expected to see an association between isotonic 
and hypertonic sport drinks and Gl symptoms, but this 
was only found when participants drank isotonic and/ or 
hypertonic drinks during the run. This might be due to 
the fewer number of participants who drank isotonic 
and hypertonic sport drinks, which make it difficult to 



draw strong conclusions. There are, however, several 
mechanisms described that indicate that carbohydrate- 
containing beverages can lead to reactions in the 
stomach and intestine which may result in Gl 

1 13 16 30 33 34 

symptoms. 

One should keep in mind that comparison with data 
of other surveys is difficult, because of the different 
answer options used for detecting Gl symptoms and 
other interpretations of those answers. Another 
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Table 4 Predictor variables in the multivariable logistic regression model estimating the probability of Gl symptoms in female 
runners during their run 


Variable 


Gl symptoms 
OR (95% CI) 


p-Value 


Age (year)* 


u.yo (u.yb to \ .uu) 


U.Uo 


dIvII (per 1 unit) 


1.1^ (1 .Ov3 to 1 .2.2.) 


0.00 


Timing of prerunning meal (min) 


1.00 (1.00 to 1.00) 


0.59 


Timing of prerunning snack (min) 


\ .UU (1 .uu to \ .UUj 


U./O 


Amount drink (mL) 






1—4 h before running* 


\ .UU { \ .UU to \ .UU) 


U.^U 


Within 1 h before running 


1 .00 (1 .00 to 1 .00) 


1 .00 


During running 


H /r\ no i-^ h r\r\\ 

1 .00 (O.yy to 1 .00) 


u.2.3 


Running on an empty stomach (n)* 


0.59 (0.25 to 1 .35) 


f\ OH 

0.21 


Sport drink (n) 

1—4 h before running 






No drink 


1 




Hypotonic 


U.bU (U.o4 to \ .yji) 


U.Uo 


Isotonic and hypertonic 


U.41 (U.1b to 1.11) 


U.Uo 


Sport drink (n) 






Within 1 h before running 






No drink 


1 




Hypotonic 


U./b (U.4o to 1 .o1) 


r\ OH 
U.ol 


Isotonic and hypertonic 


H a A fr\ Ad. \r\ n ■\ A\ 
1 .b4 (U.4b to b.14) 


r\ AO 
U.4o 


Sport drink (n) 






During running 






No drink 


1 




Hypotonic 


1 .o^ (U.4b to 0.74) 


r\ OH 

U.bl 


Isotonic and hypertonic 


10.47 (1.37 to 80.34) 


0.02 


Prevalence of total Gl symptoms in general (n)* 


4.97 (3.15 to 7.84) 


0.00 


Running experience (n)* 






<3 months 


1 .62 (0.74 to 3.58) 


0.23 


o—\d montns 


O.U9 (1 .bo to 5.74) 


U.UU 


>12 months 


1 




Kilometres run in an average week (n) 






<10 km a week 


1 .37 (0.42 to 4.52) 


0.60 


1 0-20 km a week 


1.26 (0.38 to 4.10) 


0.71 


20-30 km a week 


1 .24 (0.36 to 4.25) 


0.73 


>30 km a week 


0 




Aim for '2013 Marikenloop' (n) 






5 km 


1 




10 km 


1.30 (0.80 to 2.11) 


0.30 


*p<0.05 in bivariate analyse. 

BMI, body mass index; Gl, gastrointestinal. ^ 



limitation was that the distances of the last runs in our 
study were not detected, except for the distance in the 
'Marikenloop' they were training for. Furthermore, it 
would have been interesting to assess the associations 
between the predictors and the Gl symptoms separately 
since some predictors will influence, for example, diar- 
rhoea but not chest pain. The internet-based question- 
naire has several other limitations. First, it was not 
validated since no short validated questionnaires for this 
purpose could be found. Also, it relied on the partici- 
pant's memory and was therefore bias sensitive. The 
questions were preprogrammed, so participants could 
not freely tell their stories. An internet-based question- 
naire is, however, low-threshold and user-friendly, which 
resulted in a high response (92%) and missing values 
were prevented. 



In conclusion, the current study demonstrates that 
40% of 433 female runners training for a 5 or 10 km 
run suffered from Gl symptoms during running in 
general and 49% had >1 Gl symptom during their last 
run. Predictor variables for experiencing Gl symptoms 
during a run included lower age, less running experi- 
ence, higher BMI, consuming carbohydrate-containing 
drinks during running compared to no drinks and 
experiencing Gl symptoms during running in general. 
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